A rapid and direct assay of staphylocoagulase that uses chromogenic substrate Chromozym TH was developed for the routine identification of Staphylococcus aureus. False-positive and false-negative reactions were eliminated by measuring the activity of the staphylocoagulase-prothrombin complex directly. The method was compared with three clotting assays. The results show that the new assay is specific, quantitative, and easily automated. It offers clinical laboratories a more reliable assay of staphylocoagulase and is a valuable aid for the rapid identification of S. aureus.
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The ability to produce staphylocoagulase is the most widely used and generally accepted criterion for identification of Staphylococcus aureus (3, 12) . Most clinical laboratories perform a staphylocoagulase assay that is based on the ability of the enzyme to clot plasma. The clotting action of staphylocoagulase is due to a specific and stoichiometric reaction ofstaphylocoagulase with prothrombin, yielding a complex, i.e., staphylothrombin, which converts fibrinogen into insoluble fibrin in a manner similar to the action of physiologically formed thrombin (10, 23) . Most assay methods routinely used are qualitative methods. Apart from difficulty in standardizing and quantitating these assays, false-negative and false-positive reactions may occur. False-negative reactions will take place if fibrinogen and fibrin are partially cleaved by proteases, staphylokinase-induced plasmin, or both, so that an insoluble fibrin clot cannot be formed or is dissolved (21) . On the other hand, falsepositive reactions are observed if prothrombin is activated by trypsin or papain-like proteases, which are present in the culture fluid of S.
aureus (20) . Recently, prothrombin activation by metalloproteases has also been described (20) . The Staphylocoagulase. Staphylocoagulase was produced from S. aureus strain 104, as described by Engels, Kamps, and van Boven (6) , and purified by chromatography on a bovine prothrombin-Sepharose 4B affinity column according to the method of Igarashi, Morita, and Iwanaga (11).
Staphylocoagulase assays. (i) Chromogenic substrate method. After centrifugation of the cultures at 2,500 X g for 15 (18, 22) . The reaction was performed in microtiter plates (Greiner; Nürtingen, West Germany). After incubation for 1 (ii) Tube inoculation method. Twenty-five microliters of the culture fluid was inoculated into 0.5 ml of citrated human plasma and incubated at 37°C. After 1 and 4 h, the mixtures were screened for clotting. Any degree of clotting constituted a positive reaction. Flocculent or fibrous precipitates were recorded as negative (13).
(iii) Tube supernatant fluid method. After centrifugation of the cultures at 2,500 x g for 15 min, 0.1 ml of supernatant was mixed with 0.1 ml of citrated human plasma and incubated at 37°C. After 1 and 4 h, the mixtures were screened for clotting according to the criteria described for the tube inoculation method.
(iv) Staphylocoagulase plates. In a method comparable to those described by Van der Vijver, Kraayeveld, and Michel (19) and Parisi, Baldwin, and Sottile (15), brain heart infusion agar plates containing 10% (vol/vol) citrated human plasma were used. After inoculation and incubation at 37°C, staphylocoagulase production was indicated by opalescent haloes (diameter, 4 to 10 mm) surrounding the colonies.
RESULTS
It has been shown previously (7) that a direct determination of staphylothrombin activity can be performed by using a chromogenic substrate.
In this assay method, a linear relationship was obtained not only between the incubation time and the hydrolysis of Chromozym TH with different amounts of purified staphylocoagulase ( Fig. 1) but also between the concentrations of staphylocoagulase and their corresponding reaction rates (Fig. 2) . Linearity of the activities was observed up to absorbances of 0.9 to 1.0. In this experiment, the amounts of purified staphy- The reactions were performed in microtiter plates at 37°C with different amounts ofpurified staphylocoagulase, as described in the text. The final concentrations in the reaction mixtures were 81 ng/ml (-), 68 ng/ml (O), 54 ng/ml (A), 41 ng/ml (A), 27 ng/ml (O), and 14 ng/ml (El). The additional 20 staphylococcal strains produced only trace amounts of staphylocoagulase in the clotting assays. However, in the chromogenic substrate assay, four strains gave a positive reaction which was not inhibited by 5 mM ethylenediaminetetraacetic acid. The additional positive deoxyribonuclease reaction indicated that these four strains could be identified as S.
aureus.
Because false-positive reactions could have been caused by the presence of metalloproteases in the S. aureus strains, the chromogenic substrate assay was performed also in the presence of 5 mM ethylenediaminetetraacetic acid, as described by Wegrzynowicz et al. (20) . For this assay, no influence of ethylenediaminetetraacetic acid addition on the staphylocoagulase reaction could be demonstrated.
For routine use in a clinical laboratory, it is preferable to complete the identification within 1 day. Therefore, the cultivation time of the strains in brain heart infusion medium supplemented with 0.2% bovine serum albumin was reduced from 18 to 4 h. In spite of lower staphylocoagulase activities (data not shown), 98.6% of the chromogenic substrate assay tests still gave positive reactions. (13) . Therefore, misjudging of the reaction in the clotting assays can occur easily if one has no experience in this field.
The staphylocoagulase plate assay, which is in principle comparable to the method described by Van der Vijver et al. (19) , and the quantitative radial slide assay method described by Kohl and Johnson (14) (5) , needs further investigation.
Cultivation of the S. aureus strains in brain heart infusion medium supplemented with 0.2% bovine serum albumin and an assay time of 1 h resulted in a 98.6-to 100%-positive score (Table  1) . For routine assays, a cultivation time of 4 h enables a staphylocoagulase assay within 1 day. To eliminate possible false-positive reactions, we recommend adding 5 mM ethylenediaminetetraacetic acid to the assay mixture. Prothrombinproconvertin-Stuart-Prower factor-antihemophilic factor B can be obtained from almost every blood transfusion center at reasonable prices, especially in the case of outdated samples. Analyzing the data quantitatively, we could not observe a correlation between the amount of staphylocoagulase produced and phage type or origin of the S. aureus strains. Also, there was no correlation between origin and phage type.
Nevertheless, this test enables a quantitative assay of staphylocoagulase and provides the means for setting up an epidemiological survey with large numbers of S. aureus strains to investigate a possible relationship between the amount of staphylocoagulase produced and the virulence of S. aureus on the one hand and the role of the enzyme in the pathogenesis of S. aureus on the other. In addition, the availability of a simple quantitative method for the assay of staphylocoagulase makes it possible to monitor staphylocoagulase activities during enzyme purification. Since the assay can be performed in microtiter plates, high numbers of samples can be tested automatically.
In conclusion, the major advantages of this test are not only the short assay time but also the possibility of screening large numbers of strains or staphylocoagulase samples in a quantitative and specific way.
